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ABSTRACT.

This paper reviews the coordination architectures obtained in the 3d-4f
metal ions systems along with a description of their general particularities.
The work is organised roughly by the ligand nature. The structural
particularities as well as some specific properties are discussed in detail.

Keywords: first row metal ions, lanthanoid, heteropolynuclear metal
complexes.
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1. INTRODUCTION

There has been a great deal of recent interest in heterobinuclear
complexes' containing both transition metal and lantanide metal ions.”
Studies on these complexes mostly concern their magnetic properties in
connection with their application in advanced materials science and in
medicinal inorganic chemistry. Lanthanide coordination chemistry is
dominated by the oxygen-donor ligands. However, nitrogen-bonded
complexes have also been obtained and well characterized. Certain key
features must be kept in mind when lanthanide chemistry is explored: the
preferred high coordination number, their large ionic radii and their high
charge. Lanthanide complexes are characterized by kinetic lability, evidenced
by formation of hydroxides in aqueous media. Amines alone are poor donors
for lanthanides in water; however, incorporated into ligands which also
contain oxygen donor atoms, they form quite stable Ln(III) complexes, much
more stable than the analogous oxo acids. Their stability is increased when
chelating ligands are present.

For the purpose of this review, we will make a survey of the 3d-4f
coordination compounds along with a description of their properties
compared to the parent precursors. We will describe some individual systems
in more detail. The work is organised roughly according to the ligand nature.

2. AMINOALCOHOLS AND AMINOPHENOLS AS LIGANDS

Aminoalcohols and aminophenols are ligands for both 3d and 4f metal
ions, as they have atoms with donor potential - O and N, mostly in
appropriate position to close chelate rings

Tridentate aminoalcohols of the type 1, and aminophenols like 2, have
been widely used to obtain homo- and heteropolynuclear complexes in which
the oxygen atom bridges two metal ions, thereby favouring spin coupling.
Binuclear blue complex CuPr(1-H),(hfacac),(O.CCF;)L, (3), (L = 2—methyl-
2,4,6-tris  (trifluoromethyl)-1,3-dioxane-4,6-diolato) and  hfacac =
hexafluoroacetylacetonato) and the trinuclear one LnCu,(hfacac)(1-
H);(0,CCHj;),(0,CCF;)(hfacacH)(THF), 4, where Ln = Nd, Pr, have bcen
reported for some of the lanthanide(Ill) metal ions.” The complexes can
either be readily sublimated or thermally decomposed to the corresponding
oxides, which along with their high solubility in organic solvents makes these
compounds possible candidates as precursors for ceramic applications.
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The binuclear compound PrCu(2-H)(2)(OH)(hfacac);,

5, and

the

tetranuclear one [La"'Cu"(2-H)(2)(OH)(03CCF3)3]2, 6, have been obtained®
starting form Cu(2-H),(H,O), which acts as ligand toward one lanthanide
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centre. Structural analyses show that the trigonal bipyramidal geometry of the
copper centre in the precursor is preserved in the heterobinuclear complex,
but the nature of the donor atoms is now different.

Compound 6 consists of two dinuclear units of LaCu(2-H)(2)(p-
OH)(O,CCF;); where the La(O,CCFs); unit is linked to the copper(Il)
monomer unit via a hydroxo and a phenoxo bridge. The magnetic moment of
5 is slightly smaller than the theorctic value assuming that both Pr(11l) and
Cu(ll) arc noninteracting ions. At low temperature, antiferromagnetic
interaction can be noticed.

Tripodal ligands 1,1, 1-tris(((2-hydroxybenzyl)amino)methyl)cthane), 7, and
tris (2-hydroxybenzylaminocthyl)amine, 8. are capable to bind 3d and 4f metal
ions simultancously thanks to the flexibility of their arms. They can act in their
protonated or deprotonated form. Thus, the trinuclear cationic [LaNi3(7-3H)3]2"
complexcs have been obtained as a part of the following compounds: |LnNix(7-
3H),(CH;OH),;»(CH;CH0OH),,»(H,0)|Cl04 0.5CH;0H-0.5CH;:CH,OH 4H,0,
9,  [DyNix(7-3H)»(CH;OH)(H,0)|ClO4yCH;OH-H,O0  and | YbNix(7-
3H),(H,0)|Cl042.58H,0 and their structure resolved.” For cxample, the
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solid-state structure of [LaNi2(7-3H)2]2+ shows that La(Ill) is eight-
coordinated by two [7-3H]" ligands, each of which is tridentate with respect
to the La(IIl) ion and hexadentate with respect to one Ni(Il) ion. Two solvent
molecules complete the square antiprism coordination sphere around La(l11).
Each [7-3H]” ligand encapsulates a Ni(Il) ion via its three amine and three
phenolato functions, rendering each Ni(Il) coordination sphere approximately
octahedral. Similar structures have been reported for the [DyNi2(7-3H)g]2+
and [YbNi2(7-3H)2(H20)]2+ cations. The magnetic behaviour of the
compound containing [LaNi,(7-3H),]**cation is consistent with the presence
of two magnetically isolated octahedral Ni(Il) centres, whereas the other two
complexes show antiferromagnetic exchange interactions between the Ln(IIT)
and the Ni(II) ions.

HN NH NH
HO. .OH /L\; /OH
[
7
HO~ {
NH N. HN.
— ]
HN” Ok
OH
8
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Isostructural ~ complexes, [LnNix(8-3H)>(CH;O0H)]X:mCH;OH:nH,0,
where for Ln = Pr, X= ClO; and for Ln = Sm, Th, Er, Lu, X = NO;,
containing a trinuclear unit 10, have been obtained.® It has been established
that each [Ni(8-3H] unit acts as a tridentate ligand toward the Ln"' ion via
two bridging and one nonbridging phenolate donors. In all of the structurally
characterised complexes, L' is seven-coordinated with flattened pentagonal
bipyramidal gcometry.

3. CARBOXYLATE AND ITS DERIVATIVES AS LIGANDS
3.1 Monocarboxylate ligands

The ability of carboxylate groups to bridge metal ions and thus form
polynuclear compounds is well known. However the carboxylate-bridged
mixed metal complexes involving both 3d and 4f metal ions is rather limited.
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